We propose an efficient scheme in which the Deutsch-Jozsa algorithm can be realized via Rydberg blockade interaction. Deutsch-Jozsa algorithm can fast determine whether function is constant or balanced, but this algorithm does not give the concrete value of function. Using the Rydberg blockade, value of function may be determined in our scheme. According to the quantitative calculation of Rydberg blockade, we discuss the experimental feasibility of our scheme.
Introduction
Quantum algorithm, which is made up of a fixed sequence of quantum logic gates, is applied in the process of quantum computation. Quantum algorithm uses some essential feature of quantum mechanics such as quantum superposition or quantum entanglement, so it can solve some problems those cannot be solved by classical algorithm, or it might be able to solve some problems faster than classical algorithm. The most well known algorithm includes Shor's algorithm for factoring [1] , Grover's algorithm for searching an unstructured database or unordered list [2] , and Deutsch-Jozsa algorithm for solving a black-box problem [3] .
For Deutsch-Jozsa algorithm, a black box problem can be done with one query, but, for deterministic classical computers, one requires exponentially many queries to solve the black box problem. Taking the two-qubit Deutsch-Jozsa algorithm (Deutsch algorithm) as an example, we know quantum black box is designed to distinguish between the constant and balanced function on two qubits. The Deutsch question is: supposing () fx is a function about variable x , where 0 x  or 1 and its value of function for each input is either 0 or 1.
The Deutsch algorithm only needs one query to determine whether the () fx is constant or balanced, that is, this algorithm can fast know the global property of the function () fx. The experimental realization of Deutsch-Jozsa algorithm is firstly reported in the nuclear magnetic resonance system by two research groups [4, 5] . Subsequently, some researchers realize Deutsch-Jozsa algorithm in ion trap and the linear optical system [6] . With a single electronic spin in diamond [7] or QED technique [8] , Deutsch-Jozsa algorithm is also investigated.
Neutral atom qubits are considered a very promising approach to a scalable quantum computer [9] [10] [11] [12] [13] [14] [15] [16] . With neutral atoms using Rydberg blockade interactions, the demonstration of two-qubit controlled-NOT gate [9] , preparation of two-particle or multiparticle entanglement [10, 11] , implementation of a multiqubit quantum phase gate [12] , and an efficient quantum repeater architecture with mesoscopic atomic ensembles [13] are proposed in the latest results of research. In this Rydberg blockade effect, the first excited atom shifts the Rydberg levels of nearby atoms and prevents any further excitation of them, resulting in the production of singly excited collective states [17] . Being an attractive system for quantum information processing, the Rydberg approach has its own advantages [9] : it does not require cooling of the atoms to the ground state of the confining potentials, it can be operated on s  time scales due to the long lifetime of Rydberg atoms, it permits large interaction distance and does not require precise control of the interaction strength between two-atom, and it is easy to scale to multiqubit system.
In this paper, we consider the implementation of two- fx. Next we want to ask what on earth the value of () fx is. Besides the global property, the value of function is also important. In this paper, we propose a scheme where the value of function in D-J algorithm can be determined via Rydberg blockade.
Implementation of two-qubit Deutsch-Jozsa Algorithm
We consider two atoms are trapped by the confining potentials and two trapping regions might be separated by 10 zm   [17] . Internal states of each atom can be expressed as 0 , 1 and r , where 0 , 1 stand for qubit states, and r is Rydberg state. Levels and transitions between levels are shown in Fig. 1 . For D-J algorithm, we consider a quantum black box and it can perform a two-qubit transformation:
:
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,  is addition modulo two, and i and a stand for an input query qubit and an auxiliary qubit, respectively. Considering the transition between internal levels 0 and 1 , in the rotating-wave approximation, the evolution of each atom is described by the interaction Hamiltonian [18] (
Assuming the initial state of two atoms is in state 0 , we choose /2 
Now we investigate how to perform operations fj U via Rydberg blockade.
For the case (0) (1) 0 ff  , quantum black box does not perform any operations on input and auxiliary qubits, that is, . Next we apply a  pulse to couple states 0 a and
The operation 2 f U is finished and its concrete implementation is shown in Fig. 2 . 
After performing the operation fj U , the final state of two-atom system can be expressed as
Next, a /2  pulse is applied between states 0 and 1 ii of the input qubit, which leads to 1 ( 0 1 1 2 i ii , and 1 ( 0 1 0 2 i ii

. Finally, we only take a measurement on the input qubit with basis { 0 , 1 } ii . If the outcome of measurement is 1 i , the function () fx is constant; If the outcome of measurement is 0 i , the function () fx is balanced. Thus, one measurement is sufficient to determine whether the function () fx is constant or balanced, that is, we realize the two-qubit D-J algorithm via Rydberg blockade.
Determination of value of function
This is very indeed: the D-J algorithm has given us the ability to determine a global property of () fx. However, D-J algorithm cannot give the concrete value of function () fx. For example, (0) (1) ff  means () fx is the constant function. But either (0) (1) 0 ff  or (0) (1) 1 ff  is unknown to us. Now we propose a scheme in which the value of function may be determined.
In order to get the value of function () fx, we need a two-atom entangled state
whose preparation is shown in Ref [10] . another measurement can determine the value of () fx. Summing up the above process, we find we need two queries to evaluate the function. In the classical case, three queries ( 21 2 1 3   ) are required. Our method is faster than the classical one. In the process of two-qubit D-J algorithm, single qubit gates and a two-qubit controlled-NOT gate are proposed via Rydberg blockade. Based on a complete set of universal gates, the three-atom D-J algorithm and extraction of the values of () fx might be realizable.
Conclusion
Applying the Rydberg blockade, we have proposed a scheme for implementing two-qubit Deutsch-Jozsa algorithm. According to the D-J algorithm, we can learn the global property of function () fx. In our scheme, the entangled state of two atoms is sent into quantum black box and undergoes appropriate unitary operations. Finally, the value of function can be completely determined. As far as we know, this result of study is first reported.
Based on the experimental developments of Rydberg blockade in quantum information, we discuss the experimental feasibility of our scheme. Our scheme can be implemented using cold 87 Rb atom. Rydberg blockade between two rubidium atoms localized in spatially separated trapping sites has been observed [17] . A controlled-NOT gate between two individually addressed rubidium atoms has been realized [9] . In addition, Rabi oscillation 
